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5t3ftfc»ffii^ £©^©HtBB¥&ft)lfc*N§-rs*t 

ztiT^zzhit&WLtirz m&m i izwsL(D%n,^.m io 

*?<> 

6 W#9I i ce*©******?. 

T £ £ 1 S W*I1 1 ~ 3 ©ffltlfrfc 13*© 

W^C^ft-r^^STclSOTt^JtA^ o. 1W±8. 
0 WTt- fc 3 c: i: ft Wf*k f SHf #* 1 ~ 3 ©MftAH;: 
la*©**^*?. 

•^ah^SW*!! 1 ~ 3 ©Mft*>£§3*©#«£ift* 
7 ] iiu5B#lW»«©#iSiM** s 6 0 XW± 

[I«*IM8] 'J>&<2:*k -^©ffl±t*^»* s ^ 30 

mmt, mmm(Dmm^mi^mtftmmt(Dm^mm^ 
t, 

tuBB*«ft«tt> 

(a) a»Stt^)K©^ 5 'J — «ft huIBS«I@±C^ U 
v?£, 

(b) BulB^ 5 1 f ^(a)-eff h ftfc«1tt£t«Jf ©SB 

«®2^ K«ffi©«i8B*#(*JBi:««ai:©WCEB* 
ftfc«§?SJf ft«t-£*«*&*?©S^&££ VN 

( i )^^#4© -j ft ffl v ^ x mi'&nm&.n* 
( i i mffl*mmwx-tiL& zntz mmmm.'&n^ ft suta 50 



[MsRiSlO] fluSB^y y7"(i)2:(ii)©ISl^ milB 

**iss?ftma-r « *«^m©'>^ < £ fe-asft^* 

It, T»©3!Mt1^?**®*«Hi3-ti-3*5 l '.s'? , fc 
M£*rf Sii:ft!Rfmi:-r2>if^9K:|B*©*«^tfe 
«?©S3t*^o 

[g»*ia 1 1 ] 'J>& < 2:*k -^©B±tC*ai^«A s 

nnmt, R«a©*riB*aiif*JBfctt«ffifc©ra£E* 
^nfcs«¥KSft*-r4*a^^?{-*^ts 

[«f*B 1 2 ] BuI3#SSmSa?©!lSiS* J 3 nm~ 5 

0 Onm©^HrtT-feSCi:ft#mi:-r?>lf*i!l 1£ 

IB*©*****?. 
[flf&B 1 3 ] BufB^mtt^S^ ©f**«m** s 1 0 
" 9 Q-cm~10' 0-cm©ftirttfe5-J:4iS! 

1 4 ] iuta*«i4»&^Ji©M#* s 1 0 nm 

~3 0 0 0 nm(D&mftX-$>%~ £*¥fB-£i~Z>ffi$-l% 

1 1 Cffi«©3fc«***?- 

[W5RH15] IWIBWttlWK^ttlMb^X, &fl3E 
tfH^-fb* b P > ^ "> A is> t> & 2> e> ti 4 — « 
«M?T-fe2»-i:ft#^i:t-SBi5l?i!l 1 KEB«©# 

[w 1 6 ] mtm^mibmm.n^it^ > ^ * 

Rfbtt (I TO) T-fe4Ci:ft^i:-r?'i«5l< I !l 5C 

SB*©*****?. 

17] 'J>* < £ -^©ffl±t:*^*»* s 

ttW,U£. »«ffi©ttfffi*#iWii:*f««i:©IHCE« 
$nfe«»PKJlft*1"4**^« : ?^ ; fe , ' ,,T - 
buBB«)I?K)1* s > #5LK3d3H*£:s K#?LK3d«trtC 

S*m*«l*?o 

[W*jai8] iiuga£?Lg^tt©tfpi'y-f-* s 3 

0 %~ 8 0 %©S5H F«3 T- 5 £ i: ft^0K i: 1" 5 ffisRlS 1 
7 Ci3*©*«*«l*?o 

im&m 1 9 ] B0f3^?LH^i#i*©»^* s Um~l 
mm©«Hrt-e»*£i:*W*i:-*-4fll#Bl 7 CB« 

^ u _ ^ x tCTflffi & ta 2> c i: ft nm £ t % 1 
7~ 1 9©fpjn*H3|3«©*«^*?o 




( 3 ) 



m 2 o izv&mco^tm^.mm^o 

(DXm-S®) , ^ K, t:-n> (T-t:*-;Wb* 
u e=^r^3— fr£&ss¥fr?>3iJ,R;*ftS'j>fc< 
i:*) i «&©&»£<£ *)j&mzti-c^zzz.*&m£t 

■5ft*il2 0 fcf3«©#g£&3& : ? : . 
[I»#II2 3] 'J>fc< -%<Dm±fc&%Wf3i* 10 
#te)Bfr&»£ft*:«8Bi:, ci©«lcDmII3e^ti^* 

km t *mmb t © m c saa £ n & tRM * * + s 
ZMf&Zii, fro, 

mte-mv&mzntznmts i©«ao«nafi*««* 20 
kji t ft mm t © m k sbb £ n fe js * * t s xm. 

zmmzti, fro, 

mmmMmm&s &n.tt3tmtt. »#?LH£Ert*flic 

ft«£ftfc«^tfr£^j££ftT^SCfc£1fmfc-t 

s#»g&&*T. 

#&Jifr1&»£*ife»lii:, C©®fii©SijfBfe^ig^i* 30 

t wns t © m t KB £ ti tzmrnnm £ M f 5 

mi f 3«3g i: tfHB& * Jg|«¥#ttJI i: ©HB K 
fr£&SJl£iiSl§:b, 

mtmmnmifi. R*?iK£*w*rtfc: 

[»J#S 2 6 ] 'J>& < ti>, -*CDffi±ce**jB* 

wi fc#®@fc©i«fcEgsftfemPfCJf &*-rs#s 

£fiiJ&£*t, fro, 

mil 3«H t ffiHBfi3RtBA^«#JB i:©fffl£ WWSIIRtt? 
fr£>&SJl£Ki§:b, fro, 

iiui3ttl§?RJffr, #?LK;£J#&i:, KSHfLKXHfttrtfc 
3 50 
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[#80i©lM«ll&BHH] 
[0 0 0 1] 

s D itiicit *»rattjev>3fc«*tfta6*Av«ix 

So 

[0 0 0 2] 

[*£*©&«] ^Bfcifitt^'J-V&^^-aBfcU 
T*S<JDM33ftT*JtK -TT?lCpn«^S*|»«tlh«: 

iffrUffl^^ntv^o %Wimm(Dfc¥&ifo* 
mm Lxm^^K^-zm *) mi-^t^mm^ < © 

tf&frofc. 

[0 0 0 3] ^*©^{b^«m©*T-, tf*£#J£«?§ 

■a-fc^^^fr^-So *fe, **-*tt»*©»aw*x 

^JS-^^©^b«5©^S^ffli^*iJffl Lfcifcfls*«»* 
»6ftTV>*. *SP4itMLf:S^ &Ji£:* 
##©tt*g|8S©Slfllfc«fc O^a^ ^-ShirfrT* § 3 
fr, *#{*fc**#«bTU*IISfel^fc«'&a t T?& 
So S**tFe H /Fe'\ Fe (CN) , 

"/Fe (CN),", I /I., Br /Br,, ;W 

HD+y >/*y >&^©$MbM^fr$**iT^s 
B#, ndffl*iW*:S**t:«B-*i:*aK*;o«liirt'aE© 
«-?A J ««'t'©»fb«l'N»»U¥«tt«tai-r*. ^© 
ijg^, ^^©aHftiefilEUl^SbSteftlEfr^D 
So cixfc4:*)*:v^»»©eaMtf*JJ:W««^1irK:*i 
43BHfr^b.S. 

[0 0 0 4] K<bJl7c«i*t:S»tfc*»fr«ffio«lilt 

^-^^o^frpfijR^n, aiSf^jE-eeiwifta^ft, 
[0005] mfc&Tb&ttLiz&mmmz&vx&mmm 

Wot^ff*&t!cbT^H««lfre>«?SSItBlti, B 
Vii5c^ns. ^©1t^<>;i/S^»3Sb, *2»ftS«i«± 
ft@i:bT, ^gllMttIEai:bt^n^oaS*§, fl-SB 
Aiij^tSCfc^gli. bfefroT, *^«*) 

{i^bji7c®^©^bji7c^(4i:*#^tf C7i;k? 
tei:©^t:^So 

[0006] 3fcjB«***s <-rsfe»ttt, <mitm 
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[0007] bi>b&#^ m^mTtmm^^ti-h^ 
$ i)*s*sfti:*#(*s*©*®fcSfcJ*fcfl2fiRu 

f?7CWt^ -tttC^>F^-Vf ^4*3. OeV 
UTF* fefctt 2 . 0 e V&T©*»f*B:3fe«£&©l»fc 

n-S iUacHiO^llltttTSBfc^iSttftKflS* 
n-GaAs^n-CdSIJSWCM 

[0 0 0 8] cne.op^®S:P?*i-fcto(c> iMM*C« 10 
#»*sftTv>ft. b*bfe#6W£.ttfciH»fi s fc&* 

[0 0 0 9] **»©HM*iWW"ftfc*>fc* ^> 
^,^7^3 eVJ.Xb&ft*^*©^**^*-^ 5 *^ 
3&K©lf— *#2. 5 e Vttffiic&aAGl* 

[ooio] ioaaw«<o#S6«ffli:-»t> h-*^ »ro* 

TVS. (j^©*^*flivfc^:fcl*«* k *** k 

i^tt, fe^^3t^^wutm?* s ii®$n> suss? 

e> ft yesMfrMMfe-e & ft » 

[ooii] ^.mmm^mmm^-^mtrnm-^i-fxt 

fcofc. g^©*^J&©®8£*©££«^ b > 

fctt#*fcHirc*ft. 

[0 0 12] c©<fc-5£> 

frfe t > h £*»TJI«JI© Rj«3fc*iR*t b<fc 5 t ^-5 *> 
©T-fc ft MKCttW^fiaWHlJWMtfc&o fcfc 
© s SioTiR*©***^)**:*"^. @ffc©*K§<S*t!l 4 

fc#T«gft. b-*bfe#6» fe^tt^HSmCMbT 

h©^t-&3o *©fc»M&&#©iiiK£&<-rfe© 

V"><> 

[0 0 13] UfrfcWBSft&ftfcrt©*?* 1 ***^ 
^#fl£&A£ftftfc»£«±v *»(MHBi:fli*»C 
IS^bT^ici:^*^. 1Mb*-* > CM 
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f ft - t * £#*fi"C 4 o 

[0 0 14] cc^ibt, ««ftiR«*bfc©Bfu 
jihipafeo^-^feft- ^e»tta-^^ >B©*;v 

* * *, a*** s n o , mm ©*g?* t * x * ;ns-&-r ft 
ci h t <t 5 s %nMtm^k<D^mm<D i o fgw±£&o 

feci: £ 1 9 7 7^£3«|3lature£$geb-t^ft. 

©:c*;i,¥-fci!SyRbfe«?©#£*ft*^#*** 
©gSCiSl-'fe©*: b-tv^o 
[0 0 15] b*>b££#£>, JNW*fc*f 

^SfcfcbTfcfcSMIfrtfcfcftt*?^ fe*©*J^W 

tt-fei:A s fefto c©<ta^sas^* s *^fefe^ 

a t: o v > x ±K©aft# fc * m t> ?> r*«sa*ab *t±fiv> 

[0 0 16] W±©=fcdC> «#©e*HU6*»*»© 

c*Sb<x ti^fe*©*!^* 5 '-^^^- 

-C* *> AW*© 1 %ttT bMMStT? #1% *©*'Jffl3!j** s 
PTKW. 3te»jfc***J&ftfc»K«*fi*ft* 
Jlfc^Sf£^fc^SiS£*V^ft#> mbT*#fc$)3l# 

[0018] yv>y^i;i/^F{t> ci©<td^r>as^»?* 

!»fF2664196^) . ^ • ^SC«t Q Z.<DWm-9 > 
#^lc^v^rtgi5aH«^*-Tft^>^?^«^* s 

7T ^^_ (»s®«t*ti-ft^?LKrtep©^ffl«©*!i 

ttlS7 2 Olc&M-f-fto ^©SBSJWSI^WfctHI 
*i«ft#©«JKttl- 2 x 1 0-'mo 1/cm 

0 JR$tift^fcK-*fto 

[0 0 19] C©^1^ v^i^ • -b^fctlftftoftSTb 

«tfttt#fe^©^®w>*s»ft©ti^fc> ****** 

®e^©r?a^ bfc^* s *§ *w«t?* ft . 
[0 0 2 0] * y x;i/6tt. fe^ti^*P»^©fc 
toictf^ (trtyy^) Ru(ii)««:ftW»bfc. ^© 

;i/-4, 4' -y*;i/#=f->^- Ru(II)©«ji£ 
50 ^. XttCl-, CN-. SCN-T-fefto 
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ni«3fci»iR. maMb^w* «ttf3tBMbai7cfl9 
;§£iS£^^T^ft&ffl^#fTtonfco cn£©-5t>, 
(s?'fy^7*-h) -kx (2, 2' -treu 

^;i/-4, 4' -S^lz/K^b-h) Ru(II)ft* 
[0 0 2 1] c©fi*it«S!l©q0fi3fci»JRH:x 

So u©f?W^iti!), ftJKJMSSJfr&SMb?-* 
>©ez»^©«?&A# 1 K3»eHT©S8«)*CJfiV^ jfi 

^T-frtonSHlftT-feS. •fU, Chtfpng^lffl 

[0 0 2 2] ^Vsi^i^-WCMS^^IF-T' 20 

*a6*2tt©IWfc, »b»7c»fc*tr«#Jt**ftitA 
bfcltv 1M v ?-Sl©-fe;i/Tfc3. #-5;*fflK©— 7? 

£*lJ5S$ns#?LSei£;8JgU ^f>fctt^Sfe^*i!Sa 
£-tfT<tffl»Iii:bfcfc©T-;fcSo ti&Tafciu 9K9tR 
±CJ>lofi^ife3-f^ >^bT*ttl£:bfc*>©T-;& 
2>o 2&©#7*^©Rg£;^— ir£j£#\ ^©s§© 
r < fc-r*©p«rat€«ffl < Ba.^4*'jffl b-c»$?H?g&£ 

U;i/©iIi!rS£&£<£fl3U 3^brh7-n-rD 
tr;i/T>^-^Ai:3^^SSMt bfe*©t% r/ 
1 1 ' ©iMb«7G*f £#tr. »3-rOmf:fl 
£ ©BMb«7G*t© I * " * I " £ ^®M5ti-r 38S$£f£ 

[0023] w v >>ai;i/ • -fe;i/ffli&^Jia«is 

fc^©*^*^fc»5M««il&£a£fc&&^. fc 

«U ^l/vyx* • -b;i/©«fc-5&3HFLft®6!©if©as 
dt*v>T 3b»o»a(s«jtff ton 

3©teb £fcflMM(Ji#*fc** 3. "f&to 40 

[0024] v - ■kjuDftmiMltr? >© 
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e>ni>o 

[0 0 2 5] bfrb&A 5 ^ 77^77^^-^! 

*m<*zt, swb^*>4«o« : F©#ttjBK#ft<& 
Sifefc * «sig-&c «t a§ < & 6 b 

©#«?«, ««fe#tt©£5»<b?-*>SGMibT^ 

ofc„ Sic, gij©FfaM^tbT, >*MW* 

IRtf ft < & •) 3SiMii^A s « A-T 3 C R» 6 nfe . 
[0 0 2 6] «J#©HHj&©#3M*i:bT, mtt, » 
g|3p 1 0 - 1 1 2 3 3 7 9&«fctt* £/B*H£l^fii^ 

Ass** aa*^?LiMbb&^si»fb«nf*«f scfc 
T\ £«^tffi<bjg©-flMS;©£i:»)> ^©^BT-© 

««awftfi«**s*a5* s ia**nTv^. &«u 

Ttt/ab*ttn«fc&&v>fcV^fWR* s **. 
[0 0 2 7] ^¥8-8 1 2 2 2§S 

*fcBu ^^*>©««^?*6&S*?Lllit*iBft 

v6*ia»jt*»iio****a5* t ffi«*nTv^*. c© 
tfttJMNb*-* >j@»£?©S® bTtifaSfeSi*> 
e>SMb*-* ^©a&stt&s^aASi^-r s *)©-c-fe 

t) x ^?L«M©«^e#ttiot^to *) ft<^. 
[0 0 2 8] »Yb^-^>©*5L»«ftfiat(Wbf *C 

yu *©jgtj*£isi<-rn{£.fcv^ ig?&fejg©iijf«© 
*'j>t#vv ii«®fe^*»e,^b7 t ^>^A$ns3i6jai 

&to*>, #?L«M©{&ffi^b£#Jl-f 3iu tt^feSS© 
*!&fi£:if*£-&3ii:#E!i£&oTb£-5. -©<£ 
• ^7©M^* J ^bS©{±, ^b5 i ^>4 5 

^^tl577*^777^-ftiii, ©2o©«St6 

4iHiB#^^fe$^t7n«^e>^vA^?>T*fe2.o -©Mx 

[0 0 2 9] iri,vyx.juwctts *mfomt 

JSr*©fiTfiHk5a:4IHJIB« s *ofc. COHUBftHPifc^ 
5fc©C, ^J^.{*. 1 0- 2 9 0 0 1 89&«t 

©^Sll144^1-s^* ^ fS«i^n■rv^s. b^b. - 

n, ^3<'J*©ip|±A J ^T-§^V>o 
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[0 0 3 0] ttlW 1 0- 1 1 2 3 3 7fl&«C 

tt, &JMHB*IMaWb*** «®ft#?L§f{bb££JS 

£«^*>ft*«kbT{£fflb&ttft«^feftV^v^ 
[0 0 3 1] ^l/fyxjl/tWtt.iiSIK 

$ ■£ T b * -5 £ i: * s fS S T* & o fe o 

[0 0 3 2] «9#©lfflJ&&©J)Hfeflii:bT* S 
|$«»£*fiK-rsM#4i:bT> (0S*.«. 
K. Murakoshi et. al., Chem. Lett., 1997, pp. 471-47 
2#Bf0 ^ IPffiS©*— ;Hft3SPl (U.Bach et. al, Na 
ture, 395, 583 (1998) #8f0 *\ B#tt©-f 
* («W¥7-2 8 8 1 4 2f&«OT^8-2 3 

6 16 5*§£:S8#10 fckftffifllU ±33©P [ SSj&ft#e 

V>^fTfc^KM^A s ^bfc. 

[u G o oj 3; Ci -rrWi-r » " 1 ° " " J • AT "' — 1 - 
M sp 1 1- 1 2 6 9 1 7^&fft£fcjU SI?i&ftSglSflfji 

ft #-r s j^mb-san? b fe^©m»^Ji ft ffiffl -r 

^©^a^ttSMtfcafcfct-SW^^b^rt* 
^itiikC48fcfts m#HJg*©lHbiS7Gtt©& 30 
»S#«TU *#{*Ji*H©6JlSfc*t«SklHlT?©B> 

[0 0 3 4] 
[0 0 3 5] 

[»M^«?^t-Sfe»©^g] %iagl©0ftn& 'J>* 

©«ffi©ffiIIB*il^Jik^t"**Mt«i:* Rm«©flil 
K*#*JBfc»«*fc©IHCE«3ftfc^JtJB**'*" 

*g 4: h!jIB*«»J1 i: CD IB fc 6 * 4 « ft 



fUB^aWs* i: *f«ffi © ffl t E« * n ■ * * 

{* i: K# JLHaSWtrt C $ tifc t * J &« 

[0 0 3 6] 

[$gHJ3©JlSE©fl$fi] *MMttmCfiB 

»«»©3afta&*l3±©fc«>fcttx *a»tt*T-£b£» 

[0 0 3 7] ;*«iB©rt4^JB#C**x«N 
*©^fflfc*«IW*©»IJI*tt*3* - * ^ * 5 - 

*X77**-#i«v^?L«Mft#Sfc«>^ «^fe» 
tt©i6v^«4*i?fcttffl-*-«£i:^ ^?LSM©»^. 

xs-f . ^©H^fc^ca^-rschtfT-gSo ir 
&fr*>, a**ttfgK©maft»^*a»ftMT-«a-rsc 

t> ^«^itT-^bfcS?A s *ss?p , gft^l!j-r4 

[0 0 3 8] MlCs #J6l»#e>Bu *«»»tSffii:© 

/h*<*»(WBi:©»«1B*tt'J x *<**- 

< U ^©IHBfc^B-SlSffllftfiWW-*^ i^* 5 * 

[0 0 3 9] *«Ra©**l5BS««C«t*T'ttx S«S^^ 
KM k ©K *> 6 * S JB ft KiS-r 4 C t: 

£«t^ *»(Mik«ik©«lfc1B«****** ^^t- 
CJ;l)*©IWiIt*B-*tttt*fi*i'*^^* ,,e **« 
[0 0 4 0] *»M*6©W?ECJ:n«x ?WS» 

nmiP^// m©#?L»^*«i*« rt 4 «»« 

C fcfc^WS ©^® C ft * b fc ^*fPffl Ci« «*P*# 
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K£©s§$WfflCJ:5«8»Jll^#&V*feKK i©#5 

#©«**#«& b**^fcv^»ja*»fc. tut> 
jmmv*-j\ ^mtitz^tkmmjm^mm^tftz 

[oo4i] ttz, *mfomtttmmt<Dm£&&t?> 

nc «t & »v^«aE««&*ftjg«f s - t&x § s o 
fe. 

[0 0 4 2] WT, Hffl*#Mbfe#&;«M!©Jfe«aE 

*di:ii»6«:**»W©Sllfi«W*iai~3C.«t!)tt?8 
[0 0 4 3] 01 lfaMBIBCDjfe«KiUk?®-#laMI 

mx? i uu anuss 3 ©-#©«® izB&te titzmm 

bTJ^MiQimsqE-r*. *Mt« 9 ttaioawaME 1 1 
©-#©*iafcJB/S;**iT^*. 7 

fig 9 fc©HfcttS)S?KJI 1 3 
[0 0 44] #£{*;J@ 7 ii, *«&«9K©WK 1 5 i:, 
iOlIl 5©«fflfc^fiK3ftfciM£#»iBll 7*&fc 
3. *«tt*MKl 7©«B£tttt*eses3ll 9#£ 

[0 0 4 5] WMSttlK©*!)* 1 5 ©JKJPJi-JiSitttc, 
l~5 0i«in©(6HrtTf**Ci:**»*bv^ 4NW£«I 
Mm 1 5 CDMJP* 5 1 //m*«ffli^, tt!^fe«©fi^S 

©^liP^^bSOT-^f* b<£V^ WtttttlJt 
flU 1 5 ©Kfftf 5 0 /img®!^ 7 ©#8® 

*©{gr> * saw**©*** £©sf2##£ b 

a©T?#*L<*V>. SlttfeSIl 5 ©§!«©$?£ b 
V>$5ffl{±s 3~4 0 jumXfr 5> — Jiff * bVvfSfflfci 5 
~3 O^mT'&tK «4>»* bV>ISHtt 1 0~2 0/xm 

[0 0 4 6] *Stt«|ft&tt«-*-£4M9{*Il 1 7 ©Mi? 
tt-^W^s 2~ 1 0 0 nm©$6Hl*lT-&3o ¥*ttK 
1 7 ©J8|JP# 2 n m*8t©«^ 1 7 

5x«2 i£&ab&i^#*^£f s?an#& 
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0 nmjB©*§-^ ^mWSti. 7©}gJn;JI&* s tt*-f Sfc 
£?©I!&##£ba©-eff*b<fcO. *#f*JKl 7© 
IKJP©'ff& bV^fflteu 1 0~6 0 nmT-fc*K -Jiff 
£ bV>*SBtt3 0~5 0 nmT-i&So 

[0 0 4 7] BHt**n*«fc5*¥att©»«tt«K 

lo«BC^i«l 7*ifi»««1-4ci:*"CS*. 

1 7 ©^aHtttia i fcfiwc mm&m 1 9 

jWIJ»S*ITVvC, Cft£±ftT'*«tt@7£Jfcj&f 
10 -So 

[0 0 4 8] **BIH<D3MMgft*? tt, 1 
7 1 7 £8EI83 bfe^SttfO 

KK1 5 fctt, *mmi<07 7**7-r>/* 
-tt*S<x 4MKUR1 9 3 fctf-CS 

So KC* 2*«14^)R1 5 i: bT3fca>ae©»»ftffiffl 

So 

[0 0 4 9] jgtSttifegi: bTfciu ®Mb*X. ®{bS 
20 H&fb;* bn>^£A&£*»6S«ftfc-ii3;feli-fi 

ei±©tsafttt*«BMb*% **otic:*i&©*^»fls*ij 
©aMa^tfsstr&ti*. m«, BWb^x*±j«*k 

U l ~ 2 o €;i/%©Eift7 b n >f ■ji^ifbTi' 
b-c dcJSWKKfbxx^K— ^> vmrnv 

tzMitXZ, IT0 (Indium tin Oxide) t£ if T 3 — =r ■< 

>^bfc=#*JB«aitt«©-'^ h^>* s ^if &ns. 
^?>{c, *jnwa^t»Ti3©3*aatt**-r 

30 *^tfflv^S^9S^4iKIKhbTffiffl1-S^i:* s T*§ 
3. 

[0 0 5 0] 2g8'H» ©^«fS*t*{± 10' Q-cm 
JWT> ff*b<(il0 s fi-cmWTs 1$tif*b<tt 

1 0Q-cmWTT-fei). i©l*©TIBCH:»fc«mStt 

a«10" ' Q-cmfliKT-feSo 
[0 0 5 1] Sjatttt^OttStt 1 nmfre, 5 0 0 nm 
«T, 5f S b < fi 1 0 0 nmWTtfeS. #S«?©» 
g#5 0 0 nm^TfttJfcftftliOH^SWfli-r**** 
H©JBIJS£ff< bt77*^77i'i'-^^<t5'i> 
40 S^fet)^ ^^J■©^aJi^A J <5T■rSi:V^■5Bg®As 
£b£. 5 0 0nmtUT©J®^ C©«td ftHBtt^C 
■fx $6^100 nmtlTT-fciu *m{$.Mii i &^i£M* 

[0052] Jiiittte?©^ajatt{is mm&i&? ©^ 
-c^M^n&sfitoaii** 6 o %u±x-& s c t 
£bM. ^aai** 5 6 0 %*?»©«•&, *aw«icfii* 
$titzMm&%)zmM2tizytEiWWP\sX, 

b<*t^„ 

50 [0 0 5 3] #«ttte?tfeS1-S*z»i*«*4i: bt 
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(£, Cd, Zn, In, Pb, Mo, W, Sb, Bi, 
Cu, Hg, Ti, Ag, Mn, Fe, V, S n, Z 
r, Sr, Ga, Si, Cr©W* SrTiO,, 
CaTiO.Oio^D^A-f Cd 
S, ZnS, In, S., PbS, Mo.S, WS,, Sb 
,S,, Bi, S,, ZnCdS,, Cu, S©flfcfl5^ Cd 
Se, In.Se,, WSe,, HgSe, PbSe, C 
dTeC^IAWWK -£©{1faGaAs, Si, 
Se, Cd.P,, Zn.P,, InP, AgBr, Pbl 
,, Hgl,, BiI,##*U^. *fef£, WE*** 10 

«, CdS/TiO,, CdS/AgI, Ag,S/Ag 
I, CdS/ZnO, CdS/HgS, CdS/Pb 
S, ZnO/ZnS, ZnO/ZnSe, CdS/Hg 
S, CdS./CdSe,-,, CdS,/Te,.., CdS 
e,/Te,.,. ZnS/CdSe, ZnSe/CdS 
e, CdS/ZnS, TiO./Cd.P,, CdS/C 
dS eCd, Zn,., S, CdS/HgS/CdSW* 
bV^ 

[0 0 5 4] ##g|li©#«SfcS&? 1 20 

ssxtc*ti-s, *mt&mi 7 fcd*ns&«7G*Y©7G 

SRJtY/X©«tt, 0. m±8. OWTT-^SCri:* 5 
$?£bUo Y/X©fit#0. 16JIT©»^. aWtttt? 
J|ffl©*zg{*K©J]ll)Pa s ¥i9 bt 2 nmfilTi:* t> > * 
2lMW££<fc ?)MIS£ti<Tl^ft^^##$5£'3"?>?&J'i# J fe 

fWK 1 7 ©ma*#'>£ < * 5 s bTtf J8if»ffi& 

Y/X©tt#8. 0tt±O»^, 30 

;tct &»&ft««jfl»*fi^*#'.hs <ft *>* is 
* k b t *^am©t±s^#tt©K#^)** s ff e> ftft < ft 

^5 o 

[0 0 5 5] CC?Y/XOltt, Jfcffli^tbtftS 
•T5e:i:* s -r*g2>. ***B7£tf!§;ifc*I£x*^- 

m^x, rnrnwm 5 ±©*3h*ji 7 %mm 

^MftS^ffi^ffl^rfci^toft^o C©J;dft^ffi* 
iStbTfi, SW$T-ig»£#;ifc>J, 
%i:b&t)-rs*»fti:-* s ^(f 6ti4. £©«fc-5fcbT 

& JB ^ 5 c t: t <fc *3 VtM t % z t ifi T* & 3 . 
[0 0 5 6] ¥i9«*7fc«R*.fcWIfcx*y>- 



^SfiB5±©^{*J17^«8gA^^SIbT#2S 
frH7©fr£&5fcBbT*>e>, *MWWf7fcS"e»ffP 
b, *tt<f C^ff£ft5x *«ttt?££*ftS&«75 
*XKtt1-4*#{*JRK^*ft3^^*Y©7G*Jtfc 

B^iajtSsft ^ btticp^c <t a w&mtt %> - t 

[0 0 5 7] S&fc, **tt!fc^:te«fctf**HMKK»fl 

©&Jl7G&*^r*na&£\ x*j:wyh: n 

^©^5T;^©®»*5J:l>**2»ftJKip©^«^©^ffl 
£hS&©i:1~?>. 

[0 0 5 8] EH£^^^S«t-5ft, ¥@tK#2*Wi 

S^S^A^ftS^? U— M^^Ptlffl©** (^J* 
'TV— F-^A— ^— * ft i?©^ 

mm. ^t>3-hffiftif) cj:5«*u *©^ 

4 0 0"C~6 0 0*C©«5Hl*l©ifi*t-aPf^«gb-r^?L 
Ka»St4f3WJSl 5£ff£fiKb, £©£?L»K± 
fc, *2«l^S : ?* 3 ?)ftS^fe?.V>(i#^Ml 7^ 

ft -5 #?l«K£i9- C « 5 *Sft»? * ft S K 

y^a, «si>t<^, ««?^>y=>p^, Ticu^M^a 

l£ft£;Wirt*&3o 
[0 0 5 9] H2t*$^§J:5ft, ^a»»«^ 

1 7nvm2tiitmn®m. : P2 u±> *aw**f«©y^ 

©V^«»ttx iBfttt?©**^**^****^?)* 
;i/i:^sm^JS fc©£/iSft <t o rf# e. n 
s*jR©7*;i/3^>H*jn*^lWi/fc'JN ^«©r;v3 

K /^f^^-h^v-, ^b^Jf-^ (2- 

^— h u j— jits. y?-t>*— Y> ^V7D 
• tT^ (T-b^T-fe h^" h) ^-^-^ 
Ax?;i/7-feh7-br-bs ^^0A^fV7'O^ , > 

[0 0 6 0] 

?LSMft, ^«)l£^©«BA s -a5StB-r?.<tatbT, 

C, *i(M*:©y;i/jg*C # U ^ v 'J 3-;i/ft if© 
S»©«*P^J ^AtiTfeA^fcftV^o ^^f*© 
©^IRtgi:bT, ^©V;i/««fcffl«tt©***»©"C* 

«?iJx.«, ^{b5 1 ^>^^M©#^i:bT, x^ 
y-;K l -?d^v- ;k 2 -ro/v- ;u, N-^ 

3r1t>, ^>-tf>, f;i/x> v ^ri'L'V, 
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[0 0 6 1] iWWW>\;;i/««*6*»«tttt?S:*«»: 
# s 5 0 nmttTW * bV>o £©JWP©ffl«*vWB 

*fc»«tt*w*a^s*T^*i»iBi*ae*.*ci:fc* 

b ^. *«£tt?icttlft bT v> ztUTkftM&o^mfrK: 

■fecial bfetttittS: 6 )8*£«'WS£«);S.Sfc 

b^„ £©&?#> 

[0 0 6 2] H 2 fcmSft* £3 mi 20 

mmttt&Tmre, mmnn^m±t s mm^tixm 

li«S<S*«:fe« e t:*aW*CD|Sa{bcDJt*R-&^»s Mftfts 30 
CJ:6*«^?©aMMMDffiT*tt*b-^ 4 0 0'C 
*»6 6 0 O'Cififtt bl^ 4 0 0 a CfilT-Stt9MBftM# 
f#£ft-fs 6 0 0'Ce4±Tftt»£fcfcJ:**«tttt : F© 
^^©fgTA^bV^o 4 0 0°C*»t> 6 0 0*C©iPl^M 

##*b^. *»4»fe»a-r*ci:TJx swttta^c* 

tMUfeWSCfctfTf**. 40 
[0 0 6 3] #7LK*«fM0jRffS<Mft'*~*;:fceJ: 

*-&2 0U±t-$>2>Ci:* s 5f* b<U 1 5 OJ&Lt 
JiffSbVV, 77^777^-^20 

-fiSW^v 5 0 0 OSjST-fei). 77^7,777^-tt 

msm&fc&t). mm&m<D®&&<Dmtowmmx-% 50 



^^bn 2001-345125 
16 

a*3&&vjc«fiiaiiic©i?ii**anje»s. si© 

<-TS£i:*«!lt&-Ci&4. b*> 

±#a?* b < , ^(D±m\mt-^^m 8 0 xeifc* 

[0 0 6 4] 13li, *fMUc «fc S ftttfttJUR? 1 ©» 
^Sr^-TSMSiaT-feSo (a) {i^*©ti^3fcm^ 

*uk?i o oc*jt*atta«i«£fcajiaiite*^-r. 

fr&fc*iNW*Jil 1 0 &mWnM5tt%mW&fo 3 C 

«af*ns ^#«f 1 1 ocaacisfijui 95MUS 
3ftTv>*. (b) it^mnoy&mmm^tnm^m^ 1 

AMamis? i *aMM*i 7©a»PdH\ 

& 1 9 k©MT?3!fi««tMI«6ft»S-r*&«>fcjfia!+* 
bfr&VN. f-atv d<<DT-fe€.o bfrtu * 
mwvm? 1 T-iis **fflK 1 7 kIM 5 £©[«£&. 
6 0%W±©Sii*^*1-S«St4Jia : PJi 1 5 

i c*w«**(M7©aaa5iyitf^ft«5«sHtx tie* 
am? i o o c*»s*«w*;ji 1 1 o <Dmmm$iRvt& 
tm^tt^xm b < {& < & 

[0 0 6 5] StfE 1 4#^-T5o 121 1 «©fl!i 

(Dmm^mt%mmmi-(Dmm^Pih: bT2*n©*>© 

m&*<Dx\ zm&tmirz. ft«3 

nit xmm&fo t b xmm-r % <dxmwx & s z. h ^ » 

*bV><, »«1 lttSB^f*), ^H^T*fe<t^. 

mW(Dmffi.frt>%,*AMZ-&2>Z£&X'£Z><DX-, 

mwx-$>% c ttw£^* 

[0 0 6 6] K^3©-7?©ffltfiEIK$tl5aSg5tt, 
^® j e©t©A\ ^&{i?!/37x*)b<«7 , 5^5 L >v7± 
t»!lj-fci»*1S*t)OilT»4. fif*bV>#S«i;bT 

{i^S (0iJ^.«a^> & Ms 7;K->7a, 

")A V ^>^^a^) , ajk x t b < &mm&(D<&mwt 

[0 0 6 7] musics m.mt&m&i&^&*.^o »*b 
^mmmmtDmmtLxitb o n/s qwrtfe^ «t 

t3»*b<tt3 Ofi/sqttK-fcS. TRfcWfcftiJIH 
^i*:V^AS, aSO. lfi/sqffeJ. 
[0 0 6 8] tt«!5tt, 7t^ja^* s iSv>@J;V^ < , »*b 
V^7t3tS3i*i:bTtt5 0%tl±T-fel3s <fc?)Sf*b<(i 
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8 0%W±T?feS. «S5OiWtt0. l~10jtim# 
$?£b^o »Be5©MJP#0 . l^m*!©^, ±9- 
&JSJP©mffiM£^irr&-t#Ell££:?>o K 
0 Mmi©^ ^SaMSJ&MST U 

*m&.m 7 svtf^fe^ 1 9 caia u* < fe s . 

ag^Sl 7*^»^tli>«!J©«1ii5A^A^$-y-?)#* s 

[0 0 6 9] jf.%w<D*m-m 7 ttfljise*^ 1 9 * 

fiJUfcfc^UJi, RuL.OI.O), ^-TT'C^-^A-^X- 
VTt>T-Vt:W)\'$gfaX.&)l'T-VJ±- b U^(RuL 
,) % ^^A-tf^RuL,), ^-^A-b'J^COsL 

^V^feJSs ^'J^Rfe*. 7i"jy>ffi^ b'J 

fift,tis„ ic^t***;^— i>A-tr^(EuL,)s^* 

bV^. 

[0 0 7 0] 7 ^©tf^fe^ 1 9 ©ffi^Si: b 

T«U 1 0"'~1 0"'mol/cm'ffiliCW^i 
< % i^ficO. 1~9. OxlCmol/cm'tfifi 
b^. ti?S6JS 1 9©Si$»#l 0 'mo 1/cm 1 * 

-ft, Jf ?&eSi©K*S** s lO'mol/cm 1 j@©t§ 

[0 0 7 1 ] ^2»f#« 7 ^©tl^fe* 1 9 ©ffij#73 
|£#£#feS*£3£««£*&73ffi#^W'£*l-*><> -© 
^MWTU'S ifltafe* UlEfc t> © t- felt 

i|t»{M7ftijai**fc«ffift«Rft-3eRnii«i(t 

3*T^*ttfc* iPJIMISMtbfctK jBWttSffinbfc 

[0072] nw& 9 ttjteaaeftjR^ 1 ©jEit bt$& 

IBU tui3©*#f*J17* s m»$nsiiy©S8i5 tlUa 
*^t*ttS) l 6«^m?l©^««i9i:b 

6^7 7 5"f bfc^AWUb^o *fflffi9i: 



[0 0 7 3] ttig&X 1 9 bfe^«f*» 7 

C9 2:©nCItttlffKJ|l 3 «t?K^bT 
«U ^b(*fc»7G#fr&*3-tt©BMb»7G*«^R 

#»«'ffc£S:h,tv^HU tttisssnftv^ SHb 
bv^ c©B^i*t*(t?., mitmn.mmmmntit, 
T-#«-r?>-*f© ! iiK^^ l *'^So d©<fcd^<ba7c 

S*^b»^**fS»Ktt0!*-fck 
a^sj^b-grti-a^^ *Vtn*4 
tfXiii)-* 'J ^A-f *>(i)> *«W*>(H)-*li 
-f #>(l)> ^y=i>A-f *>(Hl)-/i^=*A-f *> 

an> ai-f *xii)— M-f *xik «w*>(in>-« 

XII), ^>#>®H:t>-^>:#>^'1'*>* 7x 

*> x a b < , atmih&mt 

ttii 3 -Mb 1 ; -7- ^ a, 3>Mb# U C'Afc^ls^ 

e 7A3 _ i ; h -^©3^<b4^T> ; e-^A^b-&t)> 3 

*VU ^A^b-^^CSf* bo. 

[0 0 7 4] «HK*«l»1-S&i&fcfilffl**T'*«Ji 

bv>. glfcbtli*ttgIM*M« 
30 ©{RjftfcffifflTtSA^ iMb»7GJS*lJ**m*<t55Sf^ 
T^fzib, *m^* s « : ^bv^„ «*.K % 

yif;n-f^, 1, 2-y^h^^^X l» 3 
-i?*^V->^>> rh7tFD77>, 2-^5=-;i/- 

40 Sft^tlv r-fe b - b U frs * b ^S^T-fe b - b 'J M 

^_^^._|s s 7-nt:v>73-*^-h^©A-^^- 

f;n;nij F >*®«*S|Mb'&«s T-fe b- b ^ 
b #2/7-b b - b 'J 7P t*- b 'J ;KS©= b 'J * 
50 <b-&f5i>W*f*bOo 
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[0 0 7 5] <*K N ffiffiffiS££#U U^MMg.®®} 

?K<Dmm&wn 2 3 2 5 &«@5 

[ 0 0 7 6 ] H 1 ©#Sit©©^ tb3HB*#*&V^» 

fom 1 7 ti$!ffi&#ijg©a»»14t]MJf 1 frbteznmt 

«®h©IS£#*t4!l6?)i£^££tffe-<tfc:J:f)s * 

[0 0 7 7] S'J*S£:bT> 05tc?s$ns.t3t, 
tmi 7T-&«3ftfd&^«a»«3«f 2 l*>e>&£^ 
aWMi'7 (B2#JS) fc«ffl5J:0||IIt:#MWttt : f/i2 

[0 0 7 8] H4»Via5fcji*Sft4^«W"ettfliS 
ixfcSMMStt^ 3 i:bTtt*aiittTJ»* 

uv^. 2 5 vytmmm* e 0 %ti±-e$ & 

d bV>„ 2 5 ©*»»*# e 0 % 

*3Sf*JS 7 £fB#£ftfctf f&fefg 1 9 icm 

&£&^©^g|^A J £b&©T'£F£b<&V->. £©£-5 

ajtaattsmtitt^tLttt, h 1 &wh 2 fc*tt 

* 4: n b *» © % 1" £ d fc * J T- § 5 . 

[0 0 7 9] 2 3 ©SStt 3 nm~ 5 0 0 n 

m©«5HrtT*fe2>Clfc>!) s j?* bV>. 3 nm~ 1 0 0 nm 
©<6Hrt"C*3 bv\i iBWtttt^OttS 
#5 0 0 nmjB^ttJfc*BSh& s *b</.hS <&Sfc£> % 

&^S©ffifflJ&lll£#88l'r-gfcV^ »Sffi!K-?© 

[0 0 8 0] «tttttk?J|2 5©JP^t ITli, 

— j&fl<jC 1 0~3 0 0 0nm©&HF<gT-fcS 
bV^ 1 0 nm*Itfe5i:, ®|£5©^B©3IS1£)I£ 
?Jf 2 5 t <k *V^T^**k * b S 

fc©a?;i;b<&^o *&, 3 0 0 0nmM5t, a» 

2 5 iz£zytmmm$:&±% < * 

b<&^. iittS?12 5©JP*©-JB#*bV^«H 
& 5 0 0 nm~ 2 5 0 0 nmfi&5, 

[0081] i6tt «»n-a-i*s *»o«nfe3fe«aafc 

ftgUk?©KBBrCfcS. B6C*^t\ «0PM 1 3 
&s *?LK$«rt* 2 7 ic> &&lLK$im 2 7 
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[0 0 8 2] &;fe\ £©HI!f||»K:43tt3 f^lLW^ft 
©gHbS^*f#M®T-§3£fg&WU fro, ^ftg# 

*s-o ©&& b fcetttflHttt* e. & 5 1) © * s . 
mm&m?*frMLtzmz-#.<Dmt ltu t> mi-- 1 

[0 0 8 3] #SgBJ3©ft®gEg||f|? 1 
10 1 3**JEa-T4*?LH^flt2 7©«JSfcbTtt % «Ht 

«f3«*sto-&t)-u-fe*)©> m^vKDMgmmzbKb 

ofc©&i:#$?£b^. t£oT, ^?LK3d§ffc2 7itb 
Tfcfc> (*>7y>7 4 

3a*#sic»btt«ttriaK*3ibfea»w*t>o»^, # 

20 [0 0 8 4] **W©^?LK3a*» 2 7 4: bT<5gffl£tl 

^b>^V7^V-h^©^'Joi^^;U«^i:-A^*S 
*>©AW* bV-.. 

[0 0 8 5] *f5W©*?LK^«rt*; 2 7 h bTffiffl^ix 
S-b/^ix-^— ^{i^M^©MMi: bT«i> 5jtU7"DK 

30 ^tr-;i/©«a-&ife) . #u-f 5 h\ t-n> (r-fe* 

i:tt> ±8B2«*©»»*7*u>Kafc*l»tt*/iiEf* 
bfc 7*1/ > Hffi#S^«|#x * fcfcfc±i3 2 fi«©W«© 
-^^-"Shb, flfc&#-*©HHStt«bT*e3*£liMS 
(3>yjy-bSWt) ««MWbT«:«SHI«jeS 

40 U>*fflV\ WJ««'CffillUftl©Jl« , ;*5 ! -l'>*fflV^fc» 

[0 0 8 6] ^?LK^{* 2 7 ©ff ^(±^#«US 7 tft 

mms k.<DmmmxMfe£ti&o b^b> -nawt, 

aH3d*flt 2 7 ©P^Ji^ 1 mmWTA 5 !?* bV^o #?L 
2 7 ©«&# 1 mmSCi^, »§¥KJf 1 3 "f 
©^bji5c*f©^itll?EfiiA J ft < ft K> . m<h&5Htt*®.ft 

t \,tzm^<Dn^m.mmmhu t) ^tt^a** s {sr 
[0 0 8 7] *mi*m7 tMmm9 t<D&M*m<tz 

50 t tt, #?LK^ft 2 7 {c J; 5«8?t««j#«i^©fSS*!& 
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VMM?«J11 3gfl0ftftK-r^i:£&*K *<DZt&& 

£> N ^.2»-(*« 7 fc*t@Bi9 £:©£lf§ft»K1-fc#>^ * 
©ffl^xfS^Tjflfigft sv^si < flboi±-£-5-i: 
fcJU ¥#&J17:fcJ;tm«M9ftW3<Jfc:5S*U #a 
^j&^ft{gT£^S5H^&&~ tfc&3<, ■£©& 
K) N ^zgftjg 7 h*f*&9 fcOHItliW < 1 >"m 
CLt©IBIIH*R»\ «IIB*»(*:JB7*J;tW«ffi9©# 
«l»giftl$6<-Ci:* J #£b^o ^t, *lffl7t 
fl*«9fc©IHfclfttt3#?LKXl*f*2 7©JP*4:bT 
fc* 1 // mfeJ.± i: 1" S c: i: £ bV^. 
[0 0 8 8] fcfSfflC^MWWi 7 i:*f«l 9 i;©lffl©S 

7 t*t»&9 fcoiacaEfcsftaMflw* 

«llft*iB££&v^3fc*Ptt*fi^"*©fc<fcB+ 
#&#d->tM- (a?L*) $*rb&t*ixttfc&&v , >. 
[0 0 8 9] d©fc«>, ^WCWtStftSl^J 1 1 
3«§¥HB 1 3ft««-rSfc«)©^?LK^Kr*2 7i:b 
Ttt, *D*>:r^- (581*) #3 0%~8 0%©S6ffl 
rtT*fc3^?LHimft&/81-?>::fc* s « : £b^o * Di/ 

— . j.to no/ v h,i,*i.\AJ|iS*J*tt9 7*>Bai^^-ffl 
-J -"1 — /J- o y /ods V'J'C v 'yTu« J -j rr — 1 ^— / < j ' *— ~' 

*s(gTb +^M«tiTOJ^* s ^e>^<'feSo * 
D->tM- (Hl?l*) * s 3 5%~7 0%©ffiBF*3T-35 3 
^?LRfmftl£ffl1-£>^* s Hi« : *b^o #aS^-f 

— (M?L*) #4 0%~6 0%©ISHI*1T-$.?)^?LK^ 
fcfftffiffl-T 4 - i: * bv>. 

[0 0 9 0] E!6£:}31^ »1S3StFl 1, *S5, 

nmm 9 , 7 &z*mMm*miz<Dm i~H5t 

Mit bt b fc i: *3 9 © *» © t? * £> £ ^ *> § & U 

fcsv^ttfl^&«fciwfcfc©^»4 

[0 0 9 1] ffiRM 1 3 AN IS{**J!P!RJR-t>%ttMltii 

7#tf«8?RJil 3©J&JBCi6irC^ *«W©M6«*lft 
&^i:bTB\ *©7«»©IOfi»W#Wefca. 'J> 
-#©ffl±J;:^{*JBAs&;f 

ii*3*3lf*Jl £ £ ©IS CffiSS ftfc«8¥ISJf ft * 

( 1 ) ilii83##Wf & %K t i: A> ?> HIM 

1-2. ; 



(4) &iB3»§?«Jlft> ^?LHX*#»4:K*?LRii*i*rt 

( 5 ) suB3*«#)i ft *mfottw tt^mm. 

U A>o N Htjf3«8?Wlft. #?LK3tfW*i:R^LR5: 

(6) WB«i4:i«B*WMIi:©MK:»«tt«« : f*^ 
fcsnftffi&u ^> ii5f3«8?H)lfts #?L»3d*<* 
i: R^?L K fc 3 *t t a» e. «fiK-r 
% ; 

(7) B5IB*»i*Ji ft#*4%« i: i; 6«« 
&SBftBEi&U A»o, tuB3m«?flSft> £?LK£*W* 

'S) o 

20 mrKMn©iaBJ»»c*v^T*.s **^Ji(itt^feJSft 

[0 0 9 2] EI7(±huIB (7) ffl^SSffi«ft^t"gP^Sfi 
[0 0 9 3] 

®{£MftE]£3MB!i:bT> 3fe«**t*-^b*V>*»flt 

30 tS. 

[0 0 9 4] ^Jfi^J 1 

as-&jt= 20/1) teen om? (H#^JSS£* 

7'J-SSa8l/fe. i^^v ^©^^'J— *ftftJP£ lm 
m©*«143tf5^S« (F-SnO, , lOQ/sq, 

ms^^ss) ±c«*u ^bv w&nfcse«»ft5o 
o°ct-3 ofrm, ffia*"c**j«u atts±tj»s 1 o/z 

m©#5LKI TOMftJKfiKbfeo ifet, 7^*n^> 
40 T>*-^A2. Og/L, *->ll. 2g/Lft$tr 
7Xt«ilB#?LgIT0)lft»«i:i:*)Cg8iU 2 5*CTf 
3H$TOg-r.5^i;* i e>'feSMffl*«^tJ:t) I TOP 
±t»JR«©»<b^-^ >« (PiPlOnm) ft^BKb 

ag«4# 7 ^ ft > [Ru(4, 4' -3? * is Z* - K K 

u ^>), (ncs), ] -tfi3n**>«6****c»*b 8 

0 'CT-Slflitft ff 6ft3Rl»*jMi*ff -a fe« 
[0 0 9 5] Iul3©«t o C bt»fc*»(*«ai:*©» 

50 «ttl/tl±, e^ft2 0nmJP$T-^#bfea» 



23 



( 13 ) 
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Stt#7.X£fflV>fco PO«ilffl©B§Wot 0 . lmmfcb 
fco •Ilitltli. 737*0 tMl/TV^^AS 
-y^f F (0 . 5M) t3t>m (0. 0 4M) &tStt=- 

fi-&Jfc=8 0/2 0) fcffl^fco 
[0 0 9 6] SuSBffl <fc -5 £ bTff £ *vfcSrfe©&&$!j^ 
STBB©*! fcS&WUTjjV*-. £fc, TE©SlKtt, 

jgi®*fc#iBbfe. 10 

[0097] nam i 

fi*I-£tb=2 0/1) *C»fb*-*>tt? (b*t^p 
2>;i4t«, P25, ¥^)iag20rai) fcitfiifa 1 wt %T*t> 

WSlmmOi«t*77»6 ()fi«f«, F -SnO 
2, lOQ/sq) ±fc»*U ftttU f#?>tlfc^ 

«5oo*cf3om >fift>t)Tttjttbx a«±tjp 

5e*ifc (Y/X) (Q- cm) 

mmmi 0.53 
itmmi 78.0 



©*?Llt^**>ll*»ttfcaMR4:fc*fc, CRu(4, 
4' -^*;i/^^r^;i/-2,2 , -hTt: , ;y»2(NCS)2] T-*^ 
*i5«HB6JR««tffc««U 8 0°Cfjim£fTV>&# 
e>fi*iR*«I«*fTofc. 

[0 0 9 8] WB©J:-5tbT»fc*»(MMii:*©» 
«fcft«IPIW[lC«(ll*#"C*Bi««*llJjlUfc. -© 
jfcMIfcbTfcJu aM2 0nmf^-elibfe# 
*K#-7;*£fflV>fc. mttaiRkDEffttO . lmmtb 
fco tilfShbtfi, ff77DK^7>t=!>A3 
— y-f F (0. 5M) fcS^SH (0. 0 4M) £^tr^ 
^i/>*-^-hfc^-feP-P';;i/i:©ri-&M (SB 
»-&tb=8 0/2 0) £ffl^fc„ #ji3©<fcaf;:bTf# 6. 
*ifc*m©SE«***TaB©* 1 bT^-To * 
fe> TK©*lfcHu 2l»«'l4^lK4't#ffi-r5^«7c^ 
C*f-T 3 iMMMm* fcffttf *&*7G*©7G*iU3.fc 

[0 0 9 9] 

[*1] 



500nmT:© 



0.2X10 1 80 7.3 

0.1x10* 65 3.2 

(a) j«B«nfY/x©«[ftB«-r4««^ »rc««5±©aiMW«i7*« 

MfrZfrMlrZhglz, 4&*ffcil7 ©#&5S£fclfc>> ttJ-f-£ fc#T-£1\ »«3« 
(8Mb*X) *sfii'J>SigAbTb*^ fe»7?fe5. t£-?T> ib«0lifc 
isv^T, s^egj-ttx= ot-s Y/x=«g*fc&£i£-fT-;&;g>*^ iSBgfcttx 
jaa>4MfttH3*iT« Y/X#*pgffi£*>o.ri;i;&?>o 



[oioo] iiiiB©aic^snfcig*<)»&w6<i>ai«t 
a *^B^t «t smss^j i omnm&m^zitmm 1 

s. 

[oioi] mmm 2 

( 1 ) Mb*-* >1ft«IT08tfP©H« 

oo»ifc»**:iaa.* awfcRfb?-* >©v^i/**ftW« 

bfco ITOK? (=#Mfe*lfc*tt*L ¥*9!iafl20nm) lOg 
S2-^d;v- ;H00mlt:7>iC$*> IT0$s®i$£§l§!l 
bfco iTO»awft«fft©iMb^-*>©V;i/««lc-at 
in*. 30?j>ft8i&b<«M$bfc. Z<DBL]&mW.&*>Mls 

BMb*-*>*8tt>HKfc«K 7>S'Jbfc&^^2-7 , o^ 
y-;i/200ml(cAD^, *g#bfc. fl^T\ #M 

tt^*TBWH*bfci:C*v ¥9*fcS3W0iire*»K I TO 
£&{b^ * > #¥*&K»10n«Tf W8L b T V> S t 
««fbfc„ £fc N »6ftfctt^*xttiil#rTfH''tfc|g 
*^ 3fc@bfcBMb^*>«7**— eST-fcofc. 



[0102] ( 2 ) ^JLUBMb*-* >Wk(Dttm 

mmr-mm. bfcinb^* >*«iTotfrf6gfc*ad 1 7* 

^vH/THr P>0.2ml&»b> *A/W*SAftjWffl bT^ 
-*b£ffijtbfc« ;*V £©"*-;* ht#>Jx 

fl/>^U3-;i/ (£-?ft400) £#l!c;*-y-fc= 
^u>^>j 3— jutzjfrt 5^— * h©Sd-&tt30wt%-efe 

^'j3-M7^';->» U^>a200, ^ffl*lcm 
') X-mmViiX? <F-Sn0,, lOQ/sq, JiSfrF 
40 SO ±t^^U — >WJbfc. i^V^Ts C©*«43Nf 
ig*>H-T450'Ci;T*#MU 450X!TJlKM«5JEaibfc. ^ 
^ ij - >SJ8!li:ttJ«©xeft2iaiKg bJ^»15>um©^?L 

[0103] ( 3 ) Ttm^tfeSR^ ©f^S 

© «t a u fc. sfflTjf^a b fc#?L» iMb^ 

*>IHft«3Bfb&#«tt*5^at« (10mmx20mm) fc, 

m^&mx' a? z> [Ru(4, 4' ->* *>* -2, 2' ->/ 1* 9/ > ), (n 

CS), ]Q.Zim:®i]H,tzMfo^*S— ;i/50ml&100ml©7^ 
50 ^S77X3(CA^ 80°C-C-3S^4fT^'oii)^ii^6^ 



( 14 ) 
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fc„ aW«af***9^ (10mmx20min) 

20nm©ff£T**^>v# bTCft£*f«8it bfc. 
®i:bT{i, 3->{b7 L b7 7'Dt:;UT> ; e-^A0.5mol 
/lfc3">fSl0.04mol/l£^iJ^i/>;*j — 
■feh=h'j;bfceDfi^« (gfirl^ib=80/20) SrfflV> 

fc. ih&2-3owe, BWb*-*>«i:e&0H#fl8 
65 C btf lf«4^if lit: J; tJSffiNBC^S 

aibts *^B^cD^»^*?^9Sbfc, 

[0 10 4] ;£%flJ3©ftS^gyii?£45mW/cm'©*-teV 

[0105] mmm 3 

( i ) gMb^tf^i&gsno, 

(V) rcb^S*- mg&fctzk^^— ;i/400ml^^ 

;i/**SH«b&. Sn02&? 

>T¥PE-IV4700, ^tefllOOnm) 10g£$ft7.k^y 
— ;H00mlt^-fC$*> Sn02!S^«^PMbfco Sn02!S 

t> Rfc < fe ^ #S'J vtzm? £$fek^* J -;w200micia 

tStfbfc. «5V^ «S«**T»b=*r 
^m^bfeSn02^Sf#fco » feftfctt? STEMS* b 
f c fcC5, 3ptg>(agAsi30niii-Cfe?), Sn02)Kt^a^^ 
■fb— ^ifi^mm^m-QWiM bT V>£ t:«H¥ b fc. 

[0106] ( 2 ) &imwtit-*7m<Dftm 
wmx-mn b fcgwb=* ^aussnnztfrp * *oimh 2 1 m 

iCD»R*3Ria*»w-T5(xrc*-e#iau 50o°c 

T? lBSHffifiEbfco X*U->EpJ5iJi:J&jjfcfflx*I£3|I] 
i|»jSbJKff36//m©*?Lll»<b=*^*[*Wfc. 
[0107] ( 3 ) Jfca^Ul*? ©f^« 

^H-CfHR, *5<J:^fPffibfc 0 
[0108] Uli 4 

^ ^ > r- b ^ V 7*P ^ ^> H60g & 2 - 7"U /I y — ^30 
0ml fc»* tiaitfeft, *7b1 i:#?S1000CDtf 'Jifl/ 
>yj a-;i/0.5g£»U »B*IWb7-* >ovws 
f#£iat!bfco Sn02&? (=#&H«*tt^ 
>TYPE-IV4700s ^iSH&fllOOniii) 10g£ 2 - :7d;1V — 
MOailfc^HKS** Sn02»»**IS»bfc. Sn02«g?S 

tt*Jfc©SMb*-* ><Dv/;i/»«t:— »c*n 30»ih* 

b<8l#bfeo £©Kf&»*fc3ilbT, SHb^^* 
bfcSn02f£^ £#S'J bfeo *»ftiMb^-* > 'J 
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*i^^-MO0mllCj|O*x j»#bfe. «N^T % 5ji 

ft&ftfcffc^fcSEMtftfcbfci:^ #'J^b>^U 
n— ;t/©$&*C<k»K Sn02J(a^©ft®A s ^Wtsaj 

u ^b7 t -^>T*ma$titv^v>«a^* s ii^^ti 

fc. aiB©SI±i^#tti»l* s 10~20nm©£?LT* ft o fc. 
±H3©aJ^W C 1Mb*-* > # «« * ft fcSn02*!£? £ H V % 

x, mmm 2 tmrn^mx-^iwrnih^^ 

[0109] tb«0i 2 

fiigl§rtb=2 0/1) (ffcBMb^i'Vtt^ (B*T^D 
i^MtSS, P 2 5 , ¥«g2 0 nm) £iftJK#j3 8wt 
%1f^«*-«-r^?U-*ftH»bfe. d©X7 

-Sn02, lOQ/sq) tCMU Sib 
ixtz^ma^ 5 0 0 "CT- 3 0#W, ^ft.*-t*^fi£b, * 
4£±KJ*;s 1 0^m©^?LM®-fb^^>M4^J5Kbfco 

[Ru(4,4' -S?*;i/*^^;i/-2,2* -tt'J^»2-(NCS) 

2] x-m^n^mm^mmm^mm^ so-cr-mm 

[0 110] mifa© <fc -5 K bTftfe*^Sffii:^®*t 
ffifcOMCmepMS^ii^S^^^&fllfiKbfc. 
Clffl«-gi> *tHi:bT«> eM2 0nm^T-lfb 

tzmw&ii^^m^tzo mmmhvxit, ^v^y^ 

WH-'JAa-W F (0. 4 6M) hBt>m 
(0. 6M) fc^-tNt^UV*— bfcT-feh— b 

30 «;;i/fc©jg-&« (^Ffirl6it= 8 0/2 0) ^&ffiv^fco 
[0 111] TB©S2t, I^JE^J2, ^^J3, ^SE 

m 4 avtbtt^i 2 cD^maEijon? 

[0 112] 
[IS2] 

6. 3 

5. 9 

6. 5 
5. 2 

[0 113] B3K©&2fcS\f«*fr&fII3&*»&J:'3 
C s ^lilE^J2(±Jt!B(^J2i:Jt«tb•riav^^®^^* s 

u ^5=- b > ^ 'J =j — ;i/&*§2jd brf# e> nfc* 

H©-g|5^A s Mtti bT V^ SSnO, ^Stte? - 
tT\ #«14!(i5^©«^WSM* s lpl±b, ^JKM2J: 
50 D*3 6fc?S^£ij|»*#»&ftfe. 



12 
13 
^«E0!I4 
40 tb«^J2 




fig£:> RWi©^ra*#t*«i:*t«IBi:©IHIK:E«3ft 

*IIWMfc©Hfc#«ttfl^?JBftiM9rr6 Z t.tfiWb 
X 3t> S t ^ o fc**^©-^©*****?©^^!* 

[0115] H5E0!l 5 

(1) *«tt«!K?A»6«i*»©^« 

&m^it=2 0/1) iptlTOtt? (=#&Attlt 
Si, ¥*9!Sg2 0nm) ^iSJKJ^J lwt%T-^15c^^T^ 

mfflitiif^^lS (10mmx2 0mm, F 
- Sn02, 1 0 Q/s q, jfiffi?H) ±C»f|JU « 
«U #6nfc«5«** 5 0 O'CT- 3 0^H> S»ft4>Tf 
«U£U «R±t:jp*2^mCD*?LK«:aifitt«Mft?*' 

©»»£(£«) 8 0%T-$>ofc„ 

[0116] ( 2 ) #?L«SHb^* >«©#» 
gg<b^*> (B*7xD^tt«, P2 5, ¥»g2 

0 nm) 9gt7jc2 1 m 1 iiT-fe^l/^-fe h>0. 2m 

a, *>;x?-i/>^ij3-;i/ (^?i2oooo) *m 

{b^*>fc*fb3 0wt%t-$)S. »fls*-*>*4H(lcStf 
^ b*^^ (200^ 'y>i, ^ast 

lcm2) T-buIBI T0te?* s ^^nfcjgB^S1lMt 
#7;**te±fc:**'J — >TOJbfc. SS^T, c©S« 
£ 4 5 0 •C©«5UFC AH, 4 5 0 *Cf 3 0 b 
fco ift{c«fct?J&JPl 5//m©#?Lft&Hb5^>JBt£f# 
fc. 

[0117] ( 3 ) 3Mt£&X?©fHK 

© «fc 5 bfe. mi*t?#Si Istz&limmib* 

iffSfiSST-ifc £>[Ru(4,4' -♦/ ***• **» -2,2' ->* f 'J'/ 
»2(NCS)2] 0 . 3 mM£g* s bfeflfc-Jc^* J -;b50ml© 
Aofel00ml©^-^M7v^nK:A^ 8 0°CT*3B#^ 

^£^&* j £«i&feiii©P2i»&3i£fTo£. 

^ (1 Ommx 2 0 mm) £ 2 0nmOl?W 
M>^bTcn^«li:Ufe. p«@K©EEfitt 0 . 
lmmiLfe, mmmSMltlsXlt, 3 -Mb? 1 V 5 7n 
tr;i/7> ; e-'i'A0. 5^jv/i k.3t>mo . 0 4^;i/ 
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/l^ir^i/^*— htr-fe h- }- u;i/i:© 
rl^rM (g*rSi§rlt=8 0/2 o) ftffl^fc. ift6>2 
o©«fiif> gHb^*>$lfca&<HU#ft§i^-5<fc?£b 
tiiSMt^Iiiti: cfc *) ««l«K:#«**fe. 

*fSRI3©3t«««l*?*f«Bbfe. ^©ct^tbTffe, 
ixfc#»BB©*«a£ilOR : ft:4 5mW/cm2©*-b^ 

>5>-7%&fmL mmmmi cm') % ^mss-s 

10 [0118] jttg09 3 

ftfb?-*> (0*T3ins?;i/tt«, P2 5, ¥*Sttg2 
Onm) 2 0 g^TK 1 0 0ml C^iDbs ££>£C©^ 
WCpHtl. 5C«o.k5i:8liftM&. «tU 
fe^s iitftl/TITOfi? (=#&JKttX«, 
Sg2 0nm) SS^U / >">Af*T? 3l$IHWMR3tf 

o) s»iob^— ^bftffw-rs. #uxfi/>i"j3 

— ;H±BWb* , *>i: I TOffi?©88:S£*tb3 0wt%f 
fcl>. $Hb^*>^ITO!|ft?£?}ifc£-y-fc^-Xb£ 
20 ^i"J->IIS (2 0 0^'^a, Iffl«lcm2)f 
S5f BSSBSSift- £ # ^ * t * * U — > WJ b &. 
tt^T* C©»g£4 5 0*C©«la*P£A;J"U 4 5 0*C 
T-3 0«Lfe. CftCADBUPl 5/*m©iI#il* 

[oi 19] m&mz®.mLtzmwmmn%tt^x&tii 

£fc£fiK«i**> K > ti^fe^T- 3 [Ru(4, 4' -/ «*' «r* - 
2,2' -/ f !)'/ > ), (NCS), ] 0 . 3 mM«* LtzB&7k^t> 
J—JV 5 OmlCAofel 0 0ml<D«$77^3l: 

An, 8 o-c-r«3B#raa^S:fTV^^* j e»ii^fe«©i!S» 

30 fflS&ffofco ^-^M7^^n*^^c©2|sffltt^-7^* 
tR«:«lt)ffib> ffifcdc^i^>— ;i/t?ift&bT\ ffi^JKCS 

tt^ii^T* (1 Ommx 2 0mm) Ce#§2 0nmffl 
jS$T-^/^^^bTcn*M«®i:bfco M«MM©Sg 
BtfcfcO. lmmiibfe. IMtbta, a^b^h^ 
7'Dt;V7>txi7A0. b^)V/\h3t>M0 . 0 4 

fc©ig^r«i (^SrS-&it=8 0/2 0) ^ffiv^feo zti 
40 CbTSS?^^^aB©a^tCi»3S8BF^t^S^-a-fc. 

ffi^x. mwzmith, &mmti>£>m?*5\zBi\sXs 

lt«ffl©3fc«««*?ft^«bfc. i©lfcttffl*«*lft 
JS^t 4 5mW/cm2(D^y >7"?t^fi*t b 

(RR»a*l cm') , 7fe««E-®JE^*9J^bfc. 

[0 12 0] VOW 4 

«»^Jt= 2 0/1) * tclTOJtS^- 8 0 0 n 

m) &«Sif^lwt%T-7>fC^-B-tXvU-MS:^»ib 
fee ^©^7')-^**$ lmm©2|ttt««lft§ 

50 ^7^IS (10mmx20mm,F-SnO', 10Q 



( 16 ) 



29 



/ S q, mm^m ±cwsu *a*u »e.nfe«s« 

^450 o-c-e 3 0#Hk ffi»tfC«USU ««±c* 

1 tfcttiiMb** >^-* b ,J - >epM u 4 
■r <• cifc«tt*i«e*T? a& a [Ru(4, 4' -/ **r -2, 2' - 

>/ f 9V > ). (HCS), ] 0 . 3 mM^^iP bfcffifcfc^* V - 
;w 5 0 m 1 *TJ 8 O'C, 3B#lfll»«**T^** s &tt* fi 

v^. W«SM©i6«i±0. lmmkbfco «*K*kb 

M) tatm (0. 0 4M) 
bh7th-h'J;vfflv>fe. cn&2^©««^ SHb 
^» >^k aa«#iais*3 * $ c btti***ii 

^fcfHttbfc. CODtbftffl^S^*^ 4 5mW/c 

[0 1 2 1] tb«0!l5 ^ 

a?g^Jt= 2 0/1) *c i T 0«t? (^#&**~ 

5 JpJSttS 2 0 nm) 5wt%TJ#tt**T* 

m<Dmm,Wmm*^*%& d Ommx 2 Omm, F 
_SnO,, lOQ/sq.WSTW ±fc»SU « 
*U f»6nfc«Wfc*5 0 0'C-e3 0*IB, ffi*** 

6 Uf- . - © k g 6 0 0/oT * * ° 
a* ij-vsmu 4 5 o-c-e 3 o#w«aab#?LK* 

' #»-2, 2' ->' f 'J'/ > ). (»CS). ] 0 . 3 mM Ufett 
#5*»£*A*U 8 0°C, 3«fBIJl«Uia*6#©'» 

jwassfrofc. aw*»omu 

iffia«IF^©Egil(*0. lramkbfe. «l?!5«i&kbT 
M) h3>>f (0. 0 4M) ftdtr*^l/>*-**- 

k * * c ^rmmmm* 
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m i ) , ^am-«)£^tt^«^ bfco 

[0 12 2] iJIBOJ:aCb-C»6nfc*««5. tt« 

[0 12 3] 
[S3] 

g g (%) 

Hff£0iJ5 6 - 4 

&«0i2 5 - 2 

10 tb«0«3 5 - 4 

tb«t^J4 4 - 6 

tfcgt^ij 5 5 • 3 
[0 12 4] S9E©&3fc5*Sftfc«**e>HB&**« fc 

KIT OlS^tS' k-e***©?*!**^*** 

^wsrt©^&^®®^*^ TV ^* mM 

<^«*MH-4Mfcv^ k. RtfWWt I T °® 
[0 1 2 5] XC, *tWl*f . *o«nfc*«<a*» 

30 fltl-**:*^ BlIiaSMKliS^ #?LS3t^k, ^ 
C 3E« * nfeSP^i k * €> * c a l " 

it)»ft-r*k^o&*»w©-«*N fB««**trc 
[0126] rn.rn.m6 

»«^tb=2 0/D itiCSHb^-^Vtt^ (B*t^p 
5>;H±S. P25, sp«3ttS 2 0 nm) 3 8wt 

40 -SnO., 10Q/sq) ±CWSU **iU »6 

«±C#S 1 0 A m©#?LK^b^^>m*^^fc' 
*t z©^?LK^b^^>m^i9;tffe»Skk*.lCs 
[Bu(4,4' -^*;^*^^-2,2' -KKys?».-(llCS) 

[0127] taffioj^fci/tafc*******®** 

ffikOlHC, «S¥**iW?l«l 0 0nm©WS» 

so -3ox) *aw3d»»*«»a**«««* : f*«« 




»i*L&»*14:tf7;*ftfl!^fc. PiSSm©E& BP 

LTIi, rh77Dt;V7> : E-'>A3-y-1' K (0. 
4 6M) £3<ym (0. 6M) *^tNc?-V>*-jtf* 
-hkr-fe h-HJ;bh©rgi§rt& (gfiiI-&]±= 8 0/ 

2 0) fcffl^fc. 

[0128] mmmi 

fi?aHrJ±=2 0/1) «fJEBfl3*-*>tt? (B*T^D 
S?;i4t«, P25, 2 0 nm) 3 8wt 

U-***SlmmCD»«tt*9^JW F 
-SnOi, 1 0 Q/s q) ±fc:SMiU $&)SU 
ftfc*B**9fc5 0 0°CT-3 0#HU ffl*+TttJ*U s 

[Bu(4,4* -^*;i/7i?i|r^;i/-2,2' -KK U -(MCS) 

.] Tfa*n*i»*ft***(t>c*«u 8o*c-«b« 

[oi2 9] mft&<D*.ofc\sxmtz*&fon,m£*<Dtt 
Mtomfc. mmma^mmmom (.*vf*7<tfr 

A) *Wa6b*fe*?LfK»» (#D5/f^-4 0. 
%) fc#*ii*#**ife*?**J«b&. £©«£, *f 
Sfcl/Ttt, 2 0 nmS?T-Iflfe«Sttfl7 

JP^liO. lmmi:bfe„ Wm&fcbTfcfc, rh^^n 
t;i/T>^e-ii7A3-^-f K (0. 4 6M) £3Vm 
(0. 6M) £^tr^lx hi; b— h 

[0130] ttrnm 6 

SBMMS*^? 1 * y £ b T u > ^ 'J 3 —A 
E 3 5 0) lgt, »<b«7C»*«»1-4Clfc*«T»*S 

T 2 - h 1 -7i^;i/-7'DM 

>-l-2|-> (B#^#^-*±§^D*j.T1 17 
3) 2 OmgtMl/fcft&WltaiJft'J^AS 0 

fco *MWttHSi:bTBU |^lS«ttffl*^tr*i:r-b^ 
;i/7tb>i:©S^jfi (gfi«-&ifc=2 0/1) *Cgg 
fttf^Vtit? (B*7xD^t«, P25, ¥±9)iaS 
2 0nm) £«SUSj3 8wt%T-7>«fc£1*-T*-7 U-f££ 
WKbfc. ;r©*5'J — *ft£J?3 lmm©#«t4 

#7*«g (feffl?H, F-SnO,, lOQ/sq) 

±t^u «a*u ^ 6. titzmm* 5 o o -c-e 3 o 

4MHk ffifi(t>*CMUKU *tfi±t»$ 1 O^mCD^JLM 
»fts**>J**jBJ*U ifefc^ c©£*mBWb7-*>*l 
£i&ttfc»£i:£:*)tc, [Ru(4,4' *S^2, 
2* -tflfUS?»,-(NCS),] ■C**n*iij6fe*««' : f 
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CglU 8 0*C-e»»fefT^fc#6e*iBW*LS!fcfT 
WSfc*JETfc43<;:4:TS #?lft&^#{fc»«8f ©Si 

;ncii*«*nfe«ttft»fc. c©j;-5{c:bTf*e>ti 
fc*ffi&3«>jfc3Ma$il-Ffc 3 0#IHB§bTS#?<bi§r^ 

10 £ffl^feo 

[0131] jtttftl 7 

SiIi§rJt=2 0/1) i*>fc:^b^* >*4? (B*T^ip 
5>;i4t«, P 2 5 , 2 0 nm) fciSKift 3 8wt 

U-**ff* lmm©a»«4#7;**K OflfflHPM, F 
-SnO, , 1 OQ/sq) ±fc!B*&U <B*U »€> 

n&ia»«s* 5 o o-CT- 3 o&m, *mwc*wiu « 

20 &Jc, C©*?LMWb?-*>«ft»»fc»Ri:fc*»^ 
[Eu(4,4' -S>*;i>#*Wl>-2,2' -HK >J S^>). -(NCS) 

[0 13 2] ll9B©*3CbT»fciMW**«fc*®*f 

bTfciU S^S:2 0 nmJP$T-^*bfc*«tt^7^4 

30 iiO. lmmtlfc. ^h^otr^ 
7>tx>>A3-^ H (0. 4 6M) £3^m (O. 
6M) &-£tN&?-U>;ij — — hiLT* b-bVfl't 
(DM-Sto (S««^Jt=8 0/2 0) 
[0 13 3] ±B© «t 5 tbTf^«b 

£TI3©^iS£ i If ffi bfco 

[0134] *«n©iec»)itsfcWbTtt» ^fif- 

«ffiiii©«»*|qlC»o"C««iaK:JS-tO. 5 
kg/cm'©JE7a$:Sl*Db, ^©^ f««tl©*^Sr 

[0 13 5] 3fc«*«»*K:B5bTH:, 
4 5mW/cm' ©^r-fe^ >7 >7"3fcSrH3Wb>tSM- 

[0136] SS8fS«fi14CK bTHu J I S C 8 9 1 7 

^s§9ga«8©ii»^M4 (Kai»$) is»b- KDtmm 

*»«i:b*l»fbfc. **5s JISC8 9 17f«t9 
I3«©W^tt (KS«*) K^B- 1 ©*it*TI3K:w 
50 to 
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[0137] ftf&tt t£Sfc& 

B»ttt^ c 8 9 i 7 

(1) KBlcfcif^ K»4©*«**«**«*t- 

(2) filflCt, ^SiO 8 5*C*-CiO»«, 

8 5±2'CT% 1 0 0±1 2»IH#i*T*- KWirt© 

(3) ttftfts »«nfc**i: , c*iB**»^ fc *- * 



10 



(4) KlWii*©****^*©***^ TB£"C£ 
ft*) - (WHM4ttB«©*««««*) > xl00/ 

[0138] mm 5 . fHffi« e nnvam 2-4 ©m 

J#*ftTfB©* 1 t<ftl/twt. 
[0 13 9] 
[«4] 











£JHI6 
*dttM7 
Jfctt«2 
H3tt«6 
JtttW? 


ifcSinSSb 

aKinasb 


5. 2% 

4. 8% 

5. 2% 

0. 9% 

1. 9% 


9 9% 

9996 

9 9% 
99% 



[0 14 0] W^4fcjj*S*ifcia**&W&***3 

*ss^j 6 * *v 7 e*W4*«iao*t«iw?tt 
is®m©««n#£<afi<> 

n^a^H*©****^*^* 1 ^ ^ 

bTffiv>fciil§r> «LH3d*fW«Wb«7d*© 

©^jirett^rc©^**^^^*"*"**^ 

<fc*. d©^T-*^©3t«^^^^*^ b< * 
«i:©|BI^ *Di^-#3 0%~8 0%<D*HK% 

[0141] HS&#!l 8 

( 1 ) »«M»tt^*»6**Ji©« s « 

20/1) * c 1 t os? 
m, f»g2 0nm) 

mffl^iSgft £ #7 (1 Ommx 2 0mm, F 



30 



50 



-SnUi, iuu/sii. 

b » 6 5 0 0 -Cf 3 0 »Hk ffiftf T? 

fc&SjfftJfi^bfe. £©fcS#«4*#**e>**« 
©^®Ktt^)8 0%t-fecfeo 
[0142] ( 2 ) SHb*-* V^BIITOtt?©** 

;V 3 0 0 m 1 fcfc^fciOiU «Hfc»b** ><D*JM* 

mnwiMhtz* noe? (=#&«**tt»N 

112 Onm) 10g*2-TP/V-;H0 0mlt» 
ITOiiI«lfe. ITOB««4J6ffl 
*flS^^>©^^W»C-«Clni«., 3 o«wa»b<ft 

f- 1 t ott?ft^»j bfc. awifeSMt*-* > *«t d » < 

f- to, #S'J bfcfe? ft 2-7D/VHl/2 00ml Kin 

SMbftITO«?tf»&. »f,tlfc«?ftTEM« 
|*Ii i 4 0nmf*!)v ITOfe? 
ftffltgHb^* 1 0 nmfMtti'^J: 

[0143] iiffl-eHMbiUMs*-* 1 T 

6gC*2mlfc7-fe*-;i'7-feh>0. 2mlft^iD 

400) c#i*s*fc. tfu^v^'Js-* 1 ^* 

5^-* b©S!l^ri±3 0wt%T*feSo SMbf"*>*«I 
->KS U r>i2 0 0, ^ffl* 1cm 2 ) T-S«tt 



40 ft 



« r 
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U^X&m (F-SnOi , lOfi/sq, M?S) 

BU It. HOT* r©*Rft3«FlH*>W-T4 5 O'C^f 
JliiU 4 5 0°CTr l&IHffijftbfc. U — >EPB'Ji: 
«aoiS* 2@«KlbJBlff 1 5 /zm©#?LK$Mb^* 

[0144] ( 3 ) ftm$Z&m¥<DttM 

* >JSS£$t* bfciWtttJtf 7*a£« ( 1 0 mm x 2 0 m 
m) i:, fl|{SfilHT?*S[8u(4,4'-«/*** , t»/*-2,2'- t /f 
|J { /' >), (NCS), ]0. 3 mMSSfrbfcllfcKi^ y -;U 5 0 
mlS10 0ml©t^M77^3l;A^ 8 0°CT*S 

y-;i/T-^LT, #?Lff^b^*>l&£fi*#$*iT^ 
( 1 Ommx 2 Omm) £ 2 0 nm©jp;*T;*.^ 

0. 0 4^r;i//i^tr^^u->*— tf*-hi:T-feh- 
= h'J;i/fc©»^«[ (^SS-&Jt=8 0/2 0) £fflv^ 
fc. cn^2o©tgtN ^b^^>«li:a^fflyA J fSi& 
l§r? <fc -5 £ UT€«¥%$^Sgfl£C J: 5 SUH^S 
^■y-feo fcv^T, JlHfcitJtU feflB^SHS 
tB IT, #»W©Jfe«aE***fcfftHb&. 

[0145] *JBWC03fc«*** : Pfc 4 5 mW/cm' 
CD*-fe>'>5>7'**R8»U (JBatBSfl cm' ) , % 
«^-@JE^14S:«iJ^bfco iSg^&T§a©«5t:^-r. 

[0 14 6] 

[«5] 

tt ■ «• itmg®M* (%) 

^J60|J8 6. 7 

[0 14 7] ^SfcipSftfe******^— *ft!WB 

©au ~ 4 k** nfc^w^iWft*^-* kJtKE-rna 

*fc*£ftfc«4ii:, d©«a©mi§B*#f*®i:^t-2) 
fc-fSCi:, 2) iiuia«ffifc^Wf fc©ISC«S«MS 

[oi48] m&m 9 

( i ) mit** >&m i t on^-omm. 

;i/3 0 0ml fc«fr*fcin*., mw&Wtfc?-*><DV))s® 
M£iS»bfc. iTOttf <=#&JHtt3Rtt*L 
S20nm) 1 0 g& 2 -7U)\J — )V\ 0 0 m 1 Kft 



fciToa^s^sdufc. afd&afb*-*>4Bi!>i»< 

#SUbfes&^£ 2-:rn^y— ;i/2 0 Omitfln 
tl^bfeo «E^T, «*»**TBMb^^> 
S*Il/feITOfi?Sff&. Wfcftfcfi^STEMtt 
^Ifet^^, ¥«i(|S4 0nmf*5, ITOS? 
^ffl£iMb^*>#¥±$JSgffl OnmtMbti^i: 

[0149] HraTJWMbfc*fls*-* ITOtt? 
6 g£7j<2ml ^T-b-^l/T-fe b>0. 2ml$IJlD 

4 0 0) Kr^-fc^-Sfeo /Jt'Jifu>^J3-;Hc?}t 

s^-x b©ta^-tt3 owt%t*fe5o mihT-fy&mi 

— >JK » 5/a. 2 0 0, ^*P®» 1cm 2 ) T-ag*4 
(F-SnO, , 1 OQ/sq, 
20 ±£B$b*: £&3/l©±£;** 'J->EP 

fiijbfe. tlV^Tx CCD»«ft3fiflBA»ttT4 5 0*C*U 
»ffl U 4 5 0 °CT- 1 Kfi^bfe. * * U - >TOJi: 
KfiS©xl4 2 ElilftjgbffiUP 1 5 //m©#?LH^b5^ 

[0150] ( 2 ) #S£8WR^ ©f^ffi 
JS^fe^&S«fbfc^?LK^b^^>©^sWis & 

*>K£*£«bfc«Sffi#^;*»K (1 Ommx 2 0m 
m) i:, ii^fe^T-$.§[Ru(4,4 , ->'AM , ^-2,2'-/f 
30 (NCS),]0. amMSS^bfcBi***^— -»I/5 

Oml^l OOml0«l77^3t:Xn, 8 CCt* 

7^^n*e.$fe©a9iitt^7^a«srm!3aib, bwcj. 

*y-;i/T-i£rf>bTs ^?LMWb^^>Bie:fift*nT 

■X (1 Ommx 2 Omm) fi^Sr 2 0 nm©JP$T*^ 
;^*ucn*»tii:bfe. «<WK«t4: bt«±, 3 
■^-fb^ h77nt>7> ; E- i i'A0 . 5^;i//l t3>i7 
^0. 0 4^e;i//l&^tr^5 i L'>*-^-bi:7'-fe 
40 h-HJ;i/i:©iI-&fS (^Sii^ib=8 0/2 0) 
v>fe. S?if3©J:5{cbTf#fe*a|!#;«figi:-e©*f®fc© 
MC, «»«*J:tf5L6ll 0 0 nm©tt«<D^«©*V^ 

[0151] SdiEM 1 o 

( 1 ) *«4«^?jfc&«:*Jl©fttS 
#BSttJW*«r*k7-b^T-b h >i:©rS-&it (€F 
fiS-&Jt= 2 0/1) *CIT OiK? (H#£««!f£ 
St, ¥JSttff2 0nm) ^ttJSI*) lwt%T*^i!c$-B-T^ 
50 7'J-iilIUfc. W:, C075'J-iSfSlm 
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37 



mOmmmMttgtt^Z&WL ( l Ommx 2 Omm, F 
-SnO,, 1 OQ/sq, Mffi^m) ±fc^fcU 92 
KU »6ftfc««»t5 0 0 , C?3 0m ffiSWC 
^SKbs »«±t»$2/zmCD#?LK^SB^14^^ 

©itiI,Kfi^8 0%T"feofe. 
[0152] ( 2 ) *?LIWMh^* >K©fEK 

m^tpy (a*7xnw, P25, ¥^ttS2 

Onm) 9gi:*2 lmli:7-bf;V7th>0. 2m 
1S**DU *6Cr©»JWtCpH*l. 5C«oi 

3fcW»*iniU 3i*m»«[S*fc. ^© 

^tjxfl/>^«j3-,ll/ (^?I2 0 0 0 0) £*5S 
iDl^h^Stl. # U at*- 1/>^U 3 -;!/«:» 

h4^^u-»is (2oo^r>i, mmwrn. 

1 cm') T-SuSBI TOUTifimifiiftitcmwmMWti 

§ 4 5 0 "CCD«^{C 4 5 0 °CX- 3 0 b 
fc 0 cnct 5>um©^?lJfgHb:f-*>J8i£M 

[0153] ( 3 ) 

ti^?e?R&Si#bfc^?LS»'fb^^>©2IWSffitt. * 

bfea»S44#7*»£ (1 Ommx 2 0m 

k a 



12 0 0 1 -3 4 5 1 25 
38 

m) ts mrn&mx- $> % [ru(4, 4* am* *m -2, 2' -/ 1* 

'J*/», (NCS), ]0 . 3mM%®1fiLtz9Stjk^fr;— 
0mlS100ml©t^l77^3i:A^ 8 0"CT- 

X (1 Ommx 2 0mm) CflM2 0nm©»$W 

io ^{b^ 1 b77D t^i/TV^e— 1>& 0 . 5t;i//U3^ 
*0. 0 4^;i//lSr-&tf^^l/>A— 
N^MJ;i/t©I^« <S»«^Jt=8 0/2 0) 

Mt, SfPMiSiVJLtl 10 0 nm©ffl»D»6H 
fc^aifi7^;i/^— (9'n?>ttS, #DJ/r-f-30 
%) ^JLK^ttStfc^&fcAWSgBR^fcffctibfe. 
[0154] huHB©*^ 9 RVmzm 1 0 T?fls«3ix 
fe»®MMIft4 5mW/cm ! CQ^-feyV 

7>zr*,*mMis mmmrni cm 2 ) , 3fett&&»* 

[0 15 5] 
[3£6] 

(%) 



XtfiftllO f£«ft£Bb 
[0 15 6] Bu83©^6{c^-r«fcai3s 'Pta< hi), — 

mmtt#^-c, i) mm&yDn±<D*m<*imfcmi8i 

[0 15 7] 3t6£7jvt-.fc5fc> 2J>&<£^ - 
#©B±£^#{*JlA s ft#£ftfe*3ii:v ^©ftH©Su 

t*t«®i:©ratcSE«^nfc««?S)Si:^W1-S7feS^ 
JftjR?fc*V»T* 1) SlfB«ttfc**f*JBfc©IBIfc*« 
14««mBSE»*-*£^ 2) iitj|3»5?SJl£s 

6»«m-rscit©Pi#&*Jffl1-Siii:-e^>^«^««ai 

[0158] mmm 1 1 

(1) »«4flMa^*»6«:SJi©^« 



6.3 99 
6.3 99 

30 SiB-&Jt= 2 0/1) ffCIT Ott? 

S, 3pSfig2 0nm) £«J8#J lwt%T*7>fc$*-C^ 
7'J-**ll!b&. CCD^^ lm 

mOaiaa^lftg^^^a^ ( l 0 mmx 2 0 mm, F 
-SnO,, lOQ/sq, »i?JB) ICWiU « 

«u »&nfe«a»«fe5 o o-ct-3 o#ihk 

mf&V, ^±fcfl^2/*m©#JLKfe»Wtt«8l : f*» 

[0 15 9] (2) Mf^^ttai TO*i?©i8§S 
40 ^ >r h7-f vrp**^ H 6 0 2 - 

i20nm) 10g£2-7 - P;V-;H0 0mlt:^ 
tt£-«\ ITOISiMbfc. ITOiWiJfe© 

®ib?*><D^)vmmz-5uzi}u%., 3 og>mtftb<ifi 

&lTO!K?^SiJbfc. >®§iJ&gMb7 t *>£m?>l&< 
^gilbfete^^a-rnyiy— ;i/2 0 0ml tin 
«#bfe 0 HOTs 5jI'#> ^^•&T^b7 c -^> 
50 t»fiUfeITOfi?*fffe. Wfenfett^ftTEMW 
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40 



^bfefcii^, fJ5fig#4 0nmt-$!)v ITOfi? 

[0160] mmx-mm LtzMit?-? >*s i t cm? 

6glCzk2mli:7-fe5 L ;i'T-feh>0. 2mlSSIlD 

4 0 0) C^ftS-B-fc. *'JxfH/^i;3-^C»t 
■5^-* b©«|-£fcfc3 0wt%*Cfc3. Kfti^>MKI 

U>r>a2 0 0, £#ftgt 1 c m 2 ) TfUMttt 
(F-SnOi , lOfl/sq, 

gijbfc. tt^Tx £®SKfe3RHHfrltT 4 5 0*CSt 
S«U 4 5 0-C"Cll$IHI«5J«b&. x?v->mnt 

[0161] ( 3 ) #S£Sy?^©#!K 

*>M**Wbfe*«ttJtf5*»« ( 1 Ommx 2 Om 
m) i: » if *ftjR7J & 5 [Ru(4, 4' -V AW -2, 2' -if V 



HEffiM 1 1 ifcif ftfti b 

[0 16 4] Htif3©^7{C^-r<fc3t, 4>&<£«s - 

k *f an t © n c kbs nfcsi?ss t &*-r s 

ittzmmftzzt, 2) mammt^m 

Wik©fiS£#«tt^&^Jf fcElfc-TSCi^ 3) muI3 
[0 16 5] 

j^««ifc©s«ii«s*s < u Minimi 



'J'/ >), (NCS), ] 0 . 3 mMft**»bfclfck3i* ^-^5 
OmlSlOOml0«i77^3tAnv 8 0°Cf 

^y-^-e&jf'bT, ♦?LKaMb^*>Bicfi#*nT 

^ (1 Ommx 2 Omm) Cfi^2 0 nmOf §tX 

•Mb? 1 h77"Dt:;i/7> ; E-^A 0 . 5^;i//i£3^ 
10 «0. 0 4*;i//l t^tra^l/ h £7"* 
Y-YVfrtCDm.Gffi. (««S-&Jt= 8 0/2 0) 

Mt, S#Pifrfc<fcV?LS 10 0 nm©*£t*©£$©fcV> 
fc*ji7-f;b^- (!7vbv>tt«, #D->f>(-3 0 

[0162] **6I»© 4 5 mW/ c m 2 

©^-fey >5>:/#*JIM*b (MRttlBttl cm 2 ) % # 

«aea«b**ffMfibfc. £fe^ *sm*j:vju«e«tt 

KWbTfc*iiuxfiKt£v^ffl5bfco IS*ftTK©*7fc5* 
20 -To 

[0 16 3] 
[*7] 



(%) 



««r» (%) 



6.7 9 9 

[EIH©ffi*«:UiW] 
30 [HI] #«tt*K©*l-*iit*S»©f»«tt*««S* 
5 C k fc «fc 13 bfc*»i»©« 
•SSlST?©— 0J©*BKHSI'e*S. 

[0 2] a»Stt^lM©^*® C *MW*©WR 

•XiUR?' ©8'J©0»©SB#ffc;*:*RBWrH0-e <fc 3 . 

[S3] '&&(Dftmmmm?£*&w<Dftmg.&m : ir<D 
&*m#s ic * w- * * vasts* *mwr s 

fltaWWffiiaT?*^^ (a) ttt£#©Jlfi«a£iJUK : PTJfe 
•9 N (b) tt«ttttttff©*£ftiC**f*©?tlR&** 

[EI 4] iNlftJikjiWWBiiClHlt**^?* 4 ^* 
5«4^ffi$*fe*^SI8©*«^«6SS?©— W©ta5«-t£ 

[05] H2lcjp**i*J:-5&#«tt»K©^«fflt i l i 

50 [0 6] ¥*<Mfc5m^®mfc«gmfcfitttLfc$ 




h rnmmm t <d m c mm&.n?fr & * * * * * * » 
3,11 mmm 

[inn 
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5 jStB^WH 
7 ipimM 

9 *Hts 
i 3 mmnm 

1 5 #«4fD«JS 
l 7 JMMttK 

1 9 tttfi&X 

2 1 s 2 3 

2 5 «mtts?)i 

10 2 7 *5LK3£*W* 

1 0 0 mk^yMW&M^ 



[0 2] 





(72)»IH# BS BS- 

*[&Jfr2£*rfjafl-T S 1 #88* Bicv 

(72)#§BJ§# £ 
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